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POLYMER NANOCOMPOSITE FORMATION BY F MHt STON SYNTHESIS 
Field of the Invention 

i 

This invention relates to composite materials having reduced 
permeability to small molecules, such as air, and which has enhanced 
mechanical properties. More particularly this invention relates to 
layered silicates intercalated with an emulsion polymer. 

Background of the Invention 

Layered clay minerals such as montmorillonite are composed 
of silicate layers with a thickness of about 1 nanometer. Dispersions 
of such layered materials in polymers are frequently referred to as 
nanocomposites. 

Recently, there has been considerable interest in forming 
nanocomposites as a means to improve the mechanical properties of 
polymers. Incorporating clay minerals in a polymer matrix, however, 
does not always result in markedly improved mechanical properties of 
the polymer. This may be due to the lack of affinity between the 
layered silicate materials and the organic polymers. Thus it has been 
proposed to use ionic interactions as a means of incorporating clay 
minerals in a polymer. In this regard* .see .for example U.S. Patent 
4,889,885 and U.S. Patent 4,810,734. This type of approach, unfortu- 
nately, has limited usefulness. Indeed, a more direct, simple, , and 
economic approach to preparing nanocomposites is highly desirable. 

One object of the present invention is to provide a latex 
comprising a layered silicate intercalated with an emulsion polymer. 

Another object of the present invention is to provide a 

* • 

composite material formed from a dispersion latex of a layered 
silicate and an emulsion polymer which material has reduced 
permeability to small molecules such as air, and improved mechanical 
properties. 
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These and other objects, features and advantages of the 
present invention will become more apparent from the description which 
follows. 

Summary of the Invention 

■..-=■■ ' • • ■ 
In one embodiment of the present invention, a latex is 
provided comprising water and a layered mineral intercalated with a 
polymer emulsion. 

■ « ■ «■ 

Another embodiment of the present invention provides a 
nanocomposite comprising a layered mineral intercalated with an 
emulsion polymer. 

Another aspect of the present invention comprises a blend of 
a first polymer with a nanocomposite composed of a layered mineral 
intercalated with an emulsion polymer. 

The process for producing the latex of the present invention 
comprises forming a dispersion of a layered mineral in water including 
a swelling agent such as an onium salt, adding a polymerizable monomer 
or monomers, such as an olefin or diene, with a polymerization initia- 
tor to the dispersion, and thereafter polymerizing the monomer or 
monomers to form a latex comprising water and a polymer nanocomposite. 
The preparation of this latex comprises yet another embodiment of the 
present invention. 

... • . 

A composite material formed from the latex of the present 
invention has improved mechanical properties and reduced air perme- 
ability to small molecules such as air making it particularly useful 
in a range of applications, particularly as a tire liner and as inner 
tubes, barriers, films, coatings and the like. 

Detailed Description 

Any natural or synthetic layered mineral capable of being 
intercalated may be employed, in the present invention; however, 
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layered silicate minerals are preferred. The layered silicate 
minerals that may be employed in the present invention include natural 
and artificial minerals capable of forming intercalation compounds. 
Nonlimiting examples of such minerals include smectite clay, mont- 
morillonite, saponite, beidellite, montronite, hectorite, stevensite, 
vermiculite, and hallosite. Of these montmori 11 on i te is preferred. 

» ■ * 
•■ • • *-■""... 

The swelling agent used in v the practice of the present 
invention is any compound capable of intercalating the layered mineral 
and thereby increasing the distance between the layers. Particularly 
preferred swelling agents are hydrocarbyl onium salts represented by 
the formulae A-M+R1R2R3R4 and A-Py+R4 where A" denotes an anion such 
as halide, OH", NO3-, SO4- and the like; M denotes N, S, P; R 1 , R 2 , R 3 
and R* independently denote hydrogen alkyl, aryl or allyl groups, 
which may be the same or different, provided at least one of which is 
other than hydrogen; and Py denotes the pyridini urn or alkyl substi- 
tuted pyri din i urn group. 

It will be readily appreciated that some of the above 
mentioned swelling agents are also emulsifying agents. However, in 
those instances when the swelling agent is not an emulsifying agent 
preferably ah emulsifying agent will be employed in carrying out the 
polymerization. Optionally, of course, another emulsifying agent may 
be used even when the swelling agent has emulsifying, properties. In 
either event, the emulsifying agent will be one typically used in 
emulsion polymerization processes. Cationic emulsifying agents and 
non-ionic emulsifying agents are preferred. 

The polymers and copolymers - referred to herein as emulsion 
polymers are those formed by emulsion •< polymerization techniques. 
Included are polymers based on one or more water immiscible, free 
radical polymerizable, monomers such as olefinic monomers and 
especially styrene or paramethyl styrene, butadiene, isoprene, 
chloroprene, and acrylonitrile. Particularly preferred are styrene 
rubber copolymers, i.e., copolymers of styrene and butadiene, isoprene 
chloroprene and acrylonitrile. Especially preferred, in the practice 
of the present invention are homopolymers and copolymers having a 
glass transition temperature less than about 25'C, a number average 
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molecular weight above 5,O00g/mole and especially above 15,000g/mole. 
Also, the preferred polymer will contain some unsaturation or other 
reactive sites for vulcanization. 

The latex of an intercalatable mineral having an emulsion 
polymer intercalated in the mineral is prepared by forming a disper- 
sion of the layered mineral in water and including, the swelling agent. 
Typically, the mineral is first dispersed in water by adding from 
about 0.01 to about 80 grams of mineral to 100 grams of water, and 
preferably, about 0.1 to about 10.0 g of mineral to 100 g of water, 
and then vigorously mixing or shearing the mineral and water for a 
time sufficient to disperse the mineral in the water. Then the 
hydrocarbyl onium salt is added to the dispersion, preferably as a 
water solution, and with stirring. 

The amount of the onium salt used in the process of the 
present invention depends on the type of layered material and monomers 
used as well as process conditions. In general, however, the amount 
of onium salt used will be in the range of the cation co-exchange 
capacity of the layered mineral to about 10% to about 2,000% of the 
cationic exchange capacity of the layered mineral. 

Next, the polymer latex is formed by adding to the mineral 
, ; . dispersion an emulsifying agent, if desired or necessary, the 
appropriate monomer or monomers, and free a radical initiator tinder 
emulsion polymerization conditions. For example, styrene and isoprene 
are polymerized in the mineral dispersion using a free radical poly- 
merization initiator while stirring the reactants. The copolymeri- 
zation typically is conducted at a temperature in the range of about 
25 # C to about 100 # C and for a time sufficient to form the polymer 

latex, followed by termination of the reaction. 

• * 

the latex described above can be used to form coatings or 
films following standard techniques employed for forming such materi- 
als. Additionally, the nanocomposite of the layered silicate mineral 
and the polymer may be recovered by coagulating the latex, and drying 
the solid composite. The solid composite can then be formed into tire 
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. ■innpr tubes using conventional processing techniques 

molding. 

,„ one enrolment of the present invention the nanco.np.site 

nanocomposite vn H oe ■ B,Bn " ••• ! ... Th o amount of 

nBnn6r . . in forming the nanocomposite. The amount ot 
monomer or monomers used m mm y f 
the nanocomposite in the polymer typically will be in 9 
about 0.1 to about 70 wt.%. 

„ producing tire inner liners the P.W«-^««* 
?„ „f this invention preferably will have a molecular 
oanocomposUe of th s .nven * un5it uration or other 

weight of greater than boot 10 cros ,„ nke d in the 

reactive sites so that it can ire 
bulk state. 

The invention will be more clearly understood by reference 
to the following examples. 

Fx ample 1 

A layered silicate, montmoHllonite clay (18g), was slurried 

further Oodeeyl, triinethyl a™»onium bromde (25.7g) was d.sso, 

furtner. uou<= j slurry, lsoprene (3Sg), 

- degassed water (2509) , and added ,<•«,) as • initiator 

s tyrene,lSg)vanda 2 ob1siso u ,ron. r e^,A O.asg ^ 

were blended, and then added to the « ay. jlurry^ ^ 
mechanically stirred for 20 hours at 23 C and for 26 h 
which time polymerization was termed w- h g id 

* 1* »a~\ 9 fi.di-tert-butyW-methylphenol, "* w 
Blrt ure of 0^ g) ^^ )w( , >w) .^. W 
quinone, (0.8g) tetrads i j result was the 

M rocinnamate>] .ethane and 200 ml methanol. The net result 
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formation of an emulsion containing a layered silicate having a 
styrene-isoprene copolymer latex intercalated in the layered mineral. 

Example 2 

A solid nanocomposite was formed from the latex of Example 1 
by adding an excess of methanol to the latex, separating the solid 
from the liquid aqueous phase and washing the solid six times with 
methanol, followed by drying for about 18 hours at 6<TC under vacuum 
and for 48 hours at 23*C in vacuum. 



Example 3 

A portion of the solid nanocomposite (20 grams) of Example 2 
was then melt blended at 130'C in a Brabender mixer for 5 minutes with 
a styrene-isoprene copolymer (20 grams) that was synthesized identi- 
cally but had no clay. The blend of nanocomposite and the clay- free 
styrene-isoprene copolymer was cross-linked by roll milling the blend 
with stearic acid (1 phr), zinc oxide (3.9 phr), and tetramethyl 
thiuram disulfide (accelerator) (1 phr) at 55*C for ten minutes. Then 
the blend was hot pressed into 20 mil films and cured for 20 minutes 
at 130*C. The films were tested on a Mocon 2/20 for oxygen 
transmission at 30*C. The results are given in Table I below. Also 
shown in Table 1 were the results obtained with a film formed from a 
styrene-isoprene copolymer that had been synthesized identically but 
had no clay. (Comparative Example 1) 

Uniaxial tensile properties were also measured on mini- 
tensile film specimens using an Instron tester. The stress-strain 
measurements were performed at room temperature and at an extension 
rate of 0.51 mm/min and the results are shown in Table 2 below. Also 
shown in Table 2 and labeled as Comparative Example 1 are the tensile 
properties obtained for a polystrene-isoprene copolymer that was 
synthesized identically to that in Example 1 but had no clay. 
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Film 



TABLE 1 

Wt% Clay Ovyoen Tr ansmission 



c ro3 x HILS* 
m2 x 24 nr. 




Example 3 



26.3 



Comparative 
Example 1 0 



4,138 
12,340 



*Mocon 2/20 G 30' C 
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CLAIMS: 

1. A latex comprising: water and a layered mineral 
intercalated with a an emulsion polymer. 

2. The latex of claim 1 wherein the layered mineral is a 
natural or synthetic mineral selected from the group consisting of 
smectite clay, montmorillonite, saponite, beidellite, montroriite, 
hectorite, stevensite, vermiculite, and hallosite. 

3. The latex of claim 1 wherein the polymer is formed from 
a free radical polymerizable olefinic monomer or monomers 

4. The latex of claim 1 wherein the polymer is a styrene- 
containing copolymer. 

5. The latex of claim 4, wherein the copolymer contains a 
comonomer selected from the group consisting of butadiene, isoprene, 
chloroprene and acryloriitrile. 

F 

6. The latex of claim 5 wherein the layered material is 
montmorillonite. 

7. A latex comprising: 

water and a natural or synthetic layered mineral inter- 
calated with a polymer or copolymer, wherein the layered mineral is 
selected from the group consisting of smectite clay, montmorillonite, 
saptolnite, beidellite, montronite, hectorite, stevensite, vermi- 
culite, and hallosite and wherein the polymer or copolymer is formed 
from a free radical polymerizable olefinic monomer or monomers. 

8. The latex of claim 7, wherein the olefinic monomer or 
monomers are selected from the group consisting Of styrene, para- 
methyl sty rene , butadiene, isoprene, chloroprene and acrylonitrile. 
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9. A nanocomposite comprising a layered mineral inter- 
calated with an emulsion polymer. 

10. The nanocomposite of claim 9 wherein the layered 
mineral is selected from the group consisting of smectite clay, 
montmorillonite, saponite, beidellite, montronite, hectorite, 
stevensite, vermiculite, and hallosite. 

11. The nanocomposite of claim 10, wherein the polymer is 
formed from a free radical polymerizable olefinic monomer or monomers. 

12. The nanocomposite of claim 11, wherein the polymer is a 

styrene-containing copolymer. 

■ 

13. The nanocomposite of claim 12, wherein the styrene- 
containing copolymer is a copolymer of styrene or paramethyl styrene 
with a monomer selected from the group consisting of butadiene, 
isoprene, chloroprene, and acrylonitrile. 

14. The nanocomposite of claim 13 wherein the layered 
mineral is montmorillonite. 

15. A polymer blend which comprises: 

■• 

• .■ ■ 

' - . • - . 

a first polymer and a nanocomposite of a layered mineral 

intercalated with an emulsion polymer. 

- • 

■ * " » 

16. The blend of claim 15 wherein the first and emulsion 
polymers are formed from the same monomer or monomers. 

■ 

17v The blend of claim 16 wherein the first and emulsion 
polymers are copolymers. 

18. The blend of claim 17 wherein the amount of nano- 
composite in the blend is in the range from about 0.1 to about 70 
wt.%. 
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19 The blend of claim 18 wherein the copolymer is a 
copolymer of styrene or paramethyl styren with a monomer selected 
from butadiene, isoprene, chloroprene and acrylonitrile. 

■ i * * • • 

20. A- process for producing a latex including a nano- 
composite material which comprises: 

■ ■ .■ •" f ... ■ 

dispersing a layered mineral in water to form a dispersion; 
adding a swelling agent to the dispersion; and thereafter 

■ 

polymerizing a free radical polymerizable olefinic monomer 
or monomers in the presence of the dispersion under emulsion 
polymerization conditions to form a latex including the 
nanocomposite material. 

21. The process of claim 20 wherein two monomers are co- 
polymerized, one being a styrene or paramethyl styrene monomer and the 
other being butadiene, isoprene, chloroprene, or acrylonitrile. 

22. The process of claim 21 wherein the swelling agent is a 
hydrocarbyl onium salt. 

23. The process of claim 22 wherein the hydrocarbyl onium 
salt has the formula A-M+R1r2r3r4, 0 r A-P/R* wherein or A- is an 
anion; M is N,S, or P; Rl, R*. R 3 , and independently denotes the 
same or different hydrogen, alkyl, aryl or allyl groups, and P y 
denotes a pridinium or an alkyl substituted pyridium group. 



• • - - - 

24. The process of claim 23 wherein the polymerization is 
conducted in the presence of an emulsifying agent at a temperature in 
the range of about 5-C to about lOO'C for a. time sufficient to form 

the latex. 

25. The process of claim 24 including adding a coagulating 
agent to the latex to coagulate solid nanocomposite and thereafter 
separating the solid nanocomposite. 
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Introduction 

♦ 

The expansion of industrial and economic activities 
results in a continuous demand for new, low-cost materi- 
als able to meet increasingly stringent conditions. Poly- 
mers axe commonly admixed with a variety of both nat- 
ural and synthetic compounds to improve their perfor- 
mance. Inorganic components used for this purpose are 
called "fillers" and give rise to "filled polymers"" with 
greater mechanical strength or impact resistance, or 
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reduced electrical conductivity or permeability to gases, 
such as oxygen, and moisture. In these conventional 
materials, there is a distinct macroscopic separation 
between the organic and the inorganic phase without any 
significant interactions between them. Microscopic dis- 
persion is the most that can be achieved by treating the 
surface of the inorganic material. 

Nanocomposites, on the other hand, constitute a new 
class of materials with an ultraftne phase dispersion (e.g. 
of clay) of the order of a few nanometers that endows 
them with unique properties not shared by conventional 
materials and offers new technological and economic 
opportunities 2 ' 
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Materials:; 
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Nanocompos/ir-s preparation, characterization and 
properties have been previously reviewed by: Mtil- 
haupt 3 - 4 *, Giannelis 3) , Lagaly 6) and Frisch 7 *. 

Nanocomposites can be classified depending on the 
shape of the nanofiller. Particles are characterized by a 
three-dimensional nanosize distribution whereas in nano- 
tubes or whiskers nanosize is limited to two dimensions 
in space. Finally, in the case of phyllosilicates (e.g. clay) 
single silicate layers with one-dimensional nanosize can 
be dispersed in the polymer. 

One of the earliest systematic studies of the interaction 
between a clay mineral and a macromolecule dates back 
to 1949, when Bower described the absorption of DNA 
by montmorillonite**. Even in the absence of X-ray dif- 
fraction (XRD) evidence, this finding implied insertion of 
the macromolecule in the lamellar structure of the sili- 
cate: In the case of synthetic polymers, Uskov 9) in 1960 
found that the softening point of poly (methyl aery late) 
derived by polymerization of methyl methacrylate was 
raised by montmorillonite modified with octadecylammo- 
nium, while in the following year Blumstein ,0> obtained a 
polymer inserted in the structure of a montmorillonite by 
polymerizing a previously inserted vinyl monomer. Two 
years later, Greenland 10 used a polyvinyl alcohol)/mon- 
tmorillonite system to show that a polymer could be 
directly inserted in a clay in an aqueous solution. In 1975 , 
Tanihara & Nakagawa 12) reached a similar result by inter- 
calating polyacrylamide and polyethylene oxide) from 
ah aqueous solution. Most pioneering work in clay-poly- 
mer nanodispersed systems involved water soluble poly- 
mers 1 ^. These studies and their developments, date back 
to 1960's and 1970's, were reviewed by Theng ,3) . 

It was not until 1988, however,, that the first industrial 
application was provided by Okada et al.' 4> at Toyota's 
central research laboratories in Japan. In this case a Nylon 
6 nanocomposite was formed by polymerization in the 
presence of the inserted monomer. This material was then 
marketed by UBE Industries and Bayer. It is currently 
used to make the timing belt cover of Toyota's car 
engines and for the production of packaging film. 

Structure and properties of phyllosilicate 

Polymer layered silicate, (PLS) nanocomposites are a 
hybrid between an organic phase (the polymer) and an 
inorganic phase (the silicate). The choice of the silicate 
determines the nanoscopic dispersion typical of nano- 
composites. The silicates employed belong to the family 
of layered silicates also known as phyllosilicates, such as 
mica, talc, montmorillonite, vermiculite, hectorite, sapo- 
nite, etc. I5l6) Their crystalline structure consists of a two- 
dimensional layer obtained by . blending two tetrahedral 
silica laminae with metal atoms (i.e. Mg for talc and Al 
for mica) to form a corresponding octahedral metal oxide 
lamina (Fig. 1). Each layer is separated from its neighbors 
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Fig. 1. Idealized structure of 2: 1 layered silicate showins two 
teirahedral-site sheets (containing silicon and sometimes alumi- 
nium) fused to an octahedral-site sheet (containing aluminium 
or magnesium) 



by a van der Waals gap called a gallery or interstratum. 
These galleries are usually occupied by cations that coun- 
terbalance the negative charge generated by the isomor- 
phous substitution of the atoms forming the crystal (Mg : * 
in the place of Al?* in montmorillonite or Li* instead of 
Mg 2 * in hectorite). These cations are normally hydrated 
alkaline and alkaline-earth metal cations. \ 

In an ordinary Na-O bond, the distance between the 
atoms is of the order of 2. 1 -2.2 A, whereas in a gallery it 
is 3.6 A. Since the Coulombic interaction is inversely 
proportional to the square of the distance between the 
charges, it is clear that about 60% of the bonding strength 
between the cation and oxygen is not used. The partial 
positive charge thus formed for each cation within a gal- 
lery makes it highly hydrophilous. Montmorillonite. for 
example, possesses a considerable hydration energy. The 
large amount of water it can hold in . its galleries neutra- 
lizes these partial charges by ion-dipole interactions. 

Organic molecules or polymers containing functional 
groups with partial negative charges, such as carboxyl, 
hydroxy 1,. ester, ether, aldehyde and ketone groups, dis- 
place the water molecules. The result of this substitution 
is an organic/inorganic material called an "intercalation 
hybrid" and the preparation technology that exploits this 
principle is known as the ion-dipole method 17 * u '. The 
term "intercalation" is usually associated with periods 



